Stabilization of a novel enzyme.substrate intermediate in the Y206F mutant of Candida albicans EBP1: evidence for acid catalysis.
EBP1-catalyzed reduction of alpha,beta-unsaturated ketones and aldehydes is proposed to proceed via transfer of hydride from the flavin to the beta-position of the olefinic bond, concomitant with or followed by uptake of a proton at the alpha-position. Structural analysis suggests that this proton is donated from Tyr206, and, hence, a protein was constructed in which it was replaced by phenylalanine. The mutation results in a slightly less stable protein than the wild type that nevertheless retains the fundamental flavin and phenol binding properties of EBP1 characterized previously. The pH profile for binding of phenol was characterized over the pH range 6.5-9.5 and was found to be simpler than that for the wild-type enzyme. Most importantly, a pK(a) of 8.7 that is perturbed to 9.4 upon binding of phenol to the wild-type enzyme is missing in the mutant, allowing assignment of this pK(a) to the Y206 hydroxyl group. Additionally, the pK(a) of phenol is further lowered from its value of 10.0 in solution to approximately 6.4 in the active site of the mutant, as compared to 7.1 in the wild type. Together, these perturbations lead to an increase of approximately 35-fold in the binding affinity of the mutant for phenol at high pH relative to the affinity of the wild-type enzyme. As expected, the mutation has little effect on the reductive half-reaction, in which a hydride equivalent is transferred from NADPH to the flavin. In contrast, the reduction of trans-2-hexenal by the reduced enzyme is significantly affected. The results indicate formation of a previously unobserved charge-transfer (CT) complex following formation of the Michaelis complex between substrate and reduced enzyme and preceding reduction of the substrate, which occurs at a greatly reduced rate (>/=440-fold) relative to wild type. Thus, while the oxidative half-reaction with wild-type enzyme is limited by the rate of formation of the CT complex, it is the chemical step that is rate-limiting in the reaction with EBP1:Y206F, consistent with the role of this residue as a general acid.